Universal baryon-density parameter Ω B inferred from the Big-Bang nucleosynthesis and cosmic microwave background fluctuations disagrees with each other at the 1σ level. We propose new cosmological models for the Big-Bang nucleosynthesis to try to recover the concordance of Ω B . Nuclear processes in the Big-Bang nucleosynthesis are similar to those in the r-process nucleosynthesis in supernovae. Even in the nucleosynthesis of heavy elements, initial entropy and density in the neutrino-driven winds of Type II supernovae are so high that nuclear statistical equilibrium favors production of abundant light nuclei. In such explosive circumstances many radioactive light-to-intermediate mass nuclei as well as heavy mass nuclei play the significant roles. §1. Introduction Recent data of cosmic microwave background (CMB) anisotropy 1) have indicated profound implication in cosmology and nucleosynthesis models: The cosmic expansion seems accelerating for dark energy (Ω Λ = 0.69 ± 0.03) and needs cold dark matter (Ω DM = 0.27 ± 0.02). A tiny fraction (Ω B = 0.044
§1. Introduction
Recent data of cosmic microwave background (CMB) anisotropy 1) have indicated profound implication in cosmology and nucleosynthesis models: The cosmic expansion seems accelerating for dark energy (Ω Λ = 0.69 ± 0.03) and needs cold dark matter (Ω DM = 0.27 ± 0.02). A tiny fraction (Ω B = 0.044
+0.03
−0.02 ) consists of known particles and nuclei. Although these inferred values are subject to several prior assumptins of flat cosmology and scalar fluctuations of the CMB, the biggest challenge is to understand the true nature of dark matter and dark energy.
We have recently proposed a new theoretical model 2) that a massive cold dark matter particle for Ω DM is likely to disappear when it is quantized in a RandallSundrum noncompact higher dimensional AdS 5 spacetime. We looked for cosmological evidence for this new paradigm and found that the model is consistent with all data at the 95% C.L., satisfying presently available all sorts of observational constraints from the redshift-luminosity realation of Type Ia supernovae, the massto-light ratios of galaxy clusters, and the CMB power spectrum. In this paradigm there appears a new term in generalized Friedmann equation, which is called dark radiation, and its upper and lower limits can be deduced from the Big-Bang nucleosynthesis (BBN). 3) We have also studied dark energy Ω Λ in terms of a dynamical attractor-like solution for the evolution of a quintessence scalar field. 4) This model can affect the primordial BBN and the epoch of photon decoupling, i.e. CMB. Therefore, the BBN should make an important constraint on the quintessence model of dark energy.
There exists a potential conflict among various Ω B values inferred from different analyses of the CMB anisotropy, the BBN, the Lyman-α forests, the light-to-mass ratios of galaxy clusters, and the X-ray gas fractions of rich clusters. Recent focus is the different Ω B value deduced from the CMB (Ω b h 2 ≈ 0.0224 ± 0.0009) and the BBN (Ω B h 2 ≤ 0.017), where the theoretical upper limit arises from the severe constraints on the primordial 4 He and 7 Li abundances. 5) h is the present value of the Hubble constant in units of 100 km sec −1 Mpc −1 . It is very critical to look for the concordance of Ω B in view of testing the theoretical models for Ω Λ and Ω DM .
From the nuclear physics viewpoints, nuclear processes in the early stage of the r-process in supernova explosions are very similar to those of the BBN. 5), 6) Even in heavy element production, many radioactive light-to-intermediate mass nuclei as well as heavy mass nuclei play the significant roles in the production of r-process elements. 7)-9) They are also critical for the production of actinides which are used for cosmochronometers. 10) §2. Primordial Nucleosynthesis of Light Elements
Lepton Asymmetry from Garyo-and Lepto-Genesis
The standard BBN model takes account of finite baryon asymmetry (B = 0), while the lepton asymetry is assumed to be zero (L = 0). It has been proposed recently 11), 12) that models based upon the Affleck-Dine scenario of baryogenesis might generate naturally lepton number asymmetry which is seven to ten orders of magnitude larger than the baryon number asymmetry.
Non-zero lepton numbers affect most strongly the BBN in the following three ways: 13)-15) First, neutrinos and anti-neutrinos drop out of thermal equilibrium with the background thermal plasma when the weak reaction rate becomes slower than the universal expansion rate. L = 0 leads to an earlier decoupling, and the ratio of the neutrino to photon temperatures, T ν /T γ is reduced. This makes universal expansion slower. Secondly, neutrino degeneracy increases the expansion rate and increases the 4 He production. Thirdly, the equilibrium n/p ratio is affected by the electron neutrino chemical potential, n/p = exp{−(∆M /T n↔p ) − µ ν e /T ν e }, where ∆M is the neutron-proton mass difference and T n↔p is the freeze-out temperature for the relevant weak reactions. L = 0 realizes when the universal neutrino chemical potential µ ν is not equal to zero. These effects either increase or decrease production of 4 He and other light elements, depending upon the sign of µ ν . For these mechanisms neutrino degeneracy can even allow baryonic densities up to Ω B h 2 = 1 for positive universal lepton number. 15) Neutrino degeneracy dramatically alters the CMB power spectrum. 16) We limit our consideration to flat Ω tot = Ω DM + Ω B + Ω Λ = 1 cosmological models with ionization parameter τ = 0. We then obtained that optimum neutrino-degenerate MAXIMA-1, 19) and DASI. 20) The solid line shows the best neutrino-degenerate fit.
17) The dotted line shows a best non-degenerate model. For illustration, the dot-dashed line also shows the largedegeneracy.
Baryon Inhomogeneity from Cosmic QCD Phase Transition
Baryon inhomogeneous BBN models 21)-23) have an advantage to allow wider range of Ω B h 2 values, i.e. 0.01 ≤ Ω B h 2 ≤ 0.05 which well cover the constraint from recent CMB data. Note that a slight lepton asymmetry is needed even in the inhomogeneous BBN in order to satisfy the light element abundance constraints. 14) The nucleosynthesis occurs in an environment of proton-neutron segregated inhomogeneous distribution due to most likely the first order osmological QCD phase transition and subsequent proton and neutron diffusion in a different manner from each other. Therefore, the radioactive nuclear reactions play the significant roles as well as stable and meta-stable nuclear reactions. 24), 25) Several new reaction chains are identified to be important: The first two reaction chains and the third chain play the key roles in the production of heavy isotopes 21), 23) in the neutron-rich and proton-rich zones, respectively. We also found that the fourth reaction chains are extremely important for the production of 9 Be and 11 B. 26) With these reactions being included in the network, the 9 Be and 11 B abundances are predicted to enhance by three or four orders of magnitude from the standard homogeneous BBN value (dashed line). In Figure 2 , plateau (solid line) at low metallicity region [Fe/H] ≤ -3.5 is the predicted primordial 9 Be abundance in the inhomogeneous BBN model. 27), 28) It is highly desirable to look for the plateau in Be and B abundances to test the baryon inhomogeneous model. §3. Supernova Nucleosynthesis of Heavy Elements
Universality of Observed R-Process Elements
Massive stars culminate their evolution by supernova explosions that are presumed to be most viable candidate sites for rapid neutron-capture process(r-process).
Recent measurements using high-dispersion spectrograph (HDS) with large Telescopes like SUBARU or the Hubble Space Telescope have made it possible to detect minute amounts of r-process elements in faint metal-deficient stars. Massive stars with 10M ≤ M evolve in short life time ∼ 10 7 yr and eject material into the interstellar medium when they explode as supervovae. Therefore, the first generation supernovae are presumed to be a unique source of the r-process elements discoveded in metal-deficient halo stars.
Astronomers 29)-33) have recently discovered that the relative abundance ratios of neutron-capture elements in these stars fit almost perfectly the pure r-process ratios which are determined from the solar-system abundances, which is called the "universality". The universality strongly suggests that the r-process should occur in very special conditions of supernovae and that it is a primary process independent of the iron abundance.
Quest for Theoretical Model
Hot neutron stars just born in the gravitational core collapse SNeII release most of their energy as neutrinos during the Kelvin-Helmholtz cooling phase. An intense flux of neutrinos heat the material near the neutron star surface and drive matter outflow called neutrino-driven winds.
Although Woosley et al. 34) demonstrated a profound possibility that the rprocess could occur in these winds, several difficulties were subsequently identified. First, independent non-relativistic numerical supernova models 35), 36) have difficulty producing the required entropy, S/k ∼ 400 (high entropy problem). Second, even should the entropy so high, the effects of neutrino absorption ν e + n → p + e − and ν e + A(Z, N ) → A(Z + 1, N − 1) + e − may decrease the neutron fraction during the nucleosynthesis process. As a result, a deficiency of free neutrons prohibits the r-process 37) (neutrino interaction problem).
In order to resolve the high entropy problem, we have studied 7), 38) neutrinodriven winds in a Schwarzschild geometry under reasonable assumption of spherical steady-state flow. We found that the general relativistic effects make expansion dynamic time scale, τ dyn , much shorter and entropy per baryon, S/k, larger from the Newtonian case. These conditions of the neutrino-driven winds leads to successful r-process. 7) Fig. 3 . Nuclear reaction flow patterns in Z-N plane, and abundances in the insets at the time; (a) t ≈ 18ms, and (b) t ≈ 568ms. Time zero refers to the time when the neutrino-driven wind leaves off the surface of proto-neutron star. Highlight abundance scales to logY , where Y is the number fraction of each nucleus. This result is from.
40)

Relevant Nuclear Reactions
We exploited a fully implicit single network code, which includes over 3000 isotopes and 11000 nuclear and particle processes among them, for the whole processes of NSE -α-process -r-process. 7), 38) The white dots in Figure 3 show the nuclei included in our network code.
We found 8) that even light neutron-rich nuclei play the significant roles in the r-process. At early epoch of the wind expansion, t ≤ a few dozens msec ( Figure  3(a) ), both temperature and density are so high that the charged particles interact with one another to proceed α-process nucleosynthesis around the β-stability line, which is triggered by 4 He(αn, γ) 9 Be(α, n) 12 C. 9 Be(n, γ) 10 Be(α, γ)
These new reaction flow paths also take appreciable flux of baryon number and continuously produce seed nuclei. A side flow 7 Li(α, γ) 11 B(p, 2α) 4 He is important, too. As such, the classical r-process flow, (n,γ) followed by beta decay, has already started from the light neutron-rich nuclei. There are several branching points for the (n,γ) and (α,n) reactions. They are at 18 C, 24 O, 36 Mg, etc. Sensitivity study of the r-process yields to these unmeasured reaction cross sections has recently been carried out theoretically. 9) §4. Cosmochronology
Cosmological model analysis of the WMAP-CMB data infers the cosmic expansion time t U ≈ 13.7 ± 0.2 Gyr. Motivated by the success of such observation, it is highly desired now to construct chronometers for various stellar objects such as the clouds, stars, galaxies and galaxy clusters in order to study the cosmic and Galactic chemical evolution.
Thorium (Th) and Uranium (U) are the typical r-process elements and have half-lives of 14 Gyr (Th) and 4.5Gyr ( 238 U). These long-lived radioactive nuclei have recently been found in very metal-deficient halo stars, as discussed in the previous section. 29), 30), 32) These elements are presumed to be the r-process products from a single primeval (population III) supernova. The universality to the solar abundance pattern was assumed for the initial abundances of actinides in the halo stars.
We found evidence that the observed universality for 56 < Z < 75 elements does not imply a unique astrophysical site for the r-process. 10) Neither does it imply a universality of abundances of nuclei lighter or heavier than this range. In particular, we showed that a variety of astrophysical r-process models can be constructed which reproduce the same observed universal abundance pattern for 56 < Z < 75 nuclei, yet have vastly different abundances for Z ≥ 75 and Z ≤ 56 nuclei. This introduces an uncertainty into the use of the Th/Eu chronometer as a means to estimate the ages of the metal-deficient stars.
We do find that the U/Th ratio is a robust chronometer. This is because the initial production ratio of U to Th is almost independent of the astrophysical nucleosynthesis environment, yet remaining uncertainties due to the input nuclear physics models. Further collaborative studies among nuclear physics, astrophysics, and astronomy are highly desirable.
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